Introduction
Representation of the Earth's surface on a plane is a significant and complex topic of surveyor to produce topographic maps at the field scale in many applications in civil engineering. AutoCAD software is considered as a useful and easy tool for making digital large-scale engineering mapping in a vector model. The reference map provides general information about features location in accurate coordinate system.
The GIS system is applied to capture, store, retrieve, analyze and visualize spatial data with a view to support decision-making (Awange & Kiema, 2013) , while Computer Aided Design (CAD) is the use of computer systems to help in the creation, optimization, modification, or analysis of a design (Moreno & Bazán, 2017) . Combining data available in GIS and CAD requires new methodologies and models that merge real world phenomena while maintaining the details of entities for facilitating frameworks are not just preliminary steps, but essential for GIS analysis (Chrisman, 1999) . It indicates how observations captured from one sort of geometric model can be converted to another one, subject to specific constraints (Snyder, 1987) . The angles in conformal conversion are correctly represented and scale is the same in all directions at any point (Thomas, 1952) .
The transformation components of any point within the grid are generally determined by parameters of interpolation surface utilizing common stations in both systems (Janssen, 2009 ). The number of control stations and their spatial distribution play a very important role in the conversion process since they affect the accuracy of the mathematical models. Thus, redundant data points give the best polynomial coefficients by selecting good stations. Least squares approach is applied to estimate the most probable values of polynomial coefficients from redundant observations and determine the accuracy and reliability of measured and estimated quantities (Taşçi, 2009) .
There are many commercial, PC-based CAD packages available for assisting in generating engineering drawings. One of the most known software is AutoCAD, which was developed by Autodesk Corporation to supply a flexible development platform for specialized design and applications. AutoCAD data are much more precise than GIS data on large-scale maps, but they often adopt coordinate systems different from that of GIS (Shi et al., 2016) .
The main objective of this study is to develop a software tool in the Microsoft Visual Studio environment that can be applied to match DWG data from one coordinate system to another, with preserving all other properties or thematic elements without any change. Furthermore, this research provides a verification of the proposed approach by performing the transformation between two maps from various control stations using polynomial model and comparing the computed coordinates of check points with the rectangular coordinates derived from a map.
Mathematical approach
A coordinate transformation is a mathematical procedure that matches between the coordinates of a point in one grid system with another (Maling, 1992) . In general, a two-dimensional (2D) coordinate conversion can be split into combining axes rotations, origin shifts and a scale changes as shown in Figure 1 . The most common one in surveying applications, and the only type dealt with in this study is conformal that preserve angles and thus the shape of objects. A transformation model is usually defined by polynomial functions of degree, u, with an infinite number of terms as follows (Herrault, Sheeren, Fauvel, Monteil, & Paegelow, 2013) :
where, a ij and b ij are the polynomial coefficients. Expanding Eq.
(1) to the first power gives the same equations as in affine transformation:
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The conformal mapping of coordinates using polynomials can be done by applying the Cauchy-Riemann conditions on (Deakin, 2004) 
However, the relation between any two conformal projections can be defined by the following equation:
where z′ = x′ + i y′;
(x′, y′) and (x, y) are rectangular coordinates of the two respective projections for the same point and i is the imaginary number (i 2 = -1). In general, the function f that describes the relationship between these coordinates is not known. Eq. (4) may be expanded in a Maclaurin's series as
The C's are complex coefficients of the form
In any textbook on complex variables, it is shown that every polynomial in z is analytic (i.e. satisfies the Cauchy-Riemann conditions) at all points; therefore Eq. (4) represents a conformal transformation. Writing out the first few terms of Eq. (4) in full, then
Or in a more generalized form (Pędzich, 2005 )
The number of the conformal polynomial coefficients, m, is related to the degree of polynomial and equals m = 2 × u + 2. The four terms up to first degree, u = 1, represent the well-known similarity or Helmet's transformation. Terms beyond the first power represent what is known as conformal deformation. However, the fifth power conformal functions are 
Scale factor of a point and convergence of meridian for this conversion are calculated as follows (Vanicek & Krakiwsky, 1987) : 
Determination of the transformation parameters
A map to map transformation requires to estimate conversion parameters by applying a least squares approach through common points. The method of least squares is widely used to fit data to a mathematical model that is generally formulated as a Gauss-Markov model (Velsink, 2018) . However, the accuracy of estimated transformation parameters is highly correlated to certain characteristics of the control points (Kutoglu & Vaníček, 2006) . In any case, extrapolation should be avoided and thus the common stations must surround any unknown coordinate points. Therefore, a transformation of first-degree this requires that an unknown point lie within a triangle formed by three known ones, but second-degree needs the station lie within a quadrilateral fixed by four control points (Vincenty, 1987) . Using least squares adjustment in the transformation problems gives the best estimation of parameters by analysing simultaneously all the common points (Greenfeld, 1997 ). The mathematical model of the parametric technique for least square adjustment in matrix form is (Mikhail & Gracie, 1981 ) 
In writing the transformation equations, in the form given here, any redundant measurement admits to errors in system (x, y), while system (x′, y′) values are considered constant. The matrix form of Eq. (15) and (16) is:
By writing these equations for common points in the form V + B ∆ = f, then: 
The precision of the estimated parameters is the cofactor matrix, Q ∆∆ , equals
The residual errors in, and y, horizontal and vertical components of coordinate for each control point are computed based on
Thus, the residual vector for each position of common point is given by
The root mean square, RMS, of these errors is determined as follows
A higher-order polynomials lead to a lower RMS but this does not mean that give a more accurate model. Highorder polynomials give more flexibility in bending the surface to fit the common stations. Furthermore, this bending may remarkably distort the coordinates of unknown points and add significant errors when the conversion is applied (Bolstad, 2016) . Otherwise, the accuracy of the transformation model relies basically on the accuracy of the polynomial surface.
Proposed software
Information technologies are one of the most dynamically developing areas of science and engineering, which contributes to the improvement and continuity of new solutions, aimed at creating advanced information systems (Petrov, 2017) . Automation of AutoCAD is an effective approach for time saving, raising the quality of processes and enhancing integration with other automated operations outside of AutoCAD (Lowe & Hartman, 2011) . The developed software in the current study, Figure 2 , named "TopoGC" has been created in Visual C++ language. Moreover, to share information between this application and Au-toCAD a small program in Visual Basic was performed to generate an ActiveX control (TopoGCTransf.ocx).
The ActiveX control is extracted geometric information of entities (point, line, block, etc.) that is required in transformation process, after passing the values of polynomial coefficients. Figure 3 illustrates a flowchart of Ac-tiveX control for automation of AutoCAD in Visual Basic.
The following are some lines of pseudo-code of Auto-CAD automation:
Private All the ActiveX objects can be exposed in one way for further programming and they are composed by hierarchies (Togores, 2019) as in Figure 4 . The view of this hierarchical structure is referred to as the Object Model.
The system architecture consists of the following main components:
1) Determination of transformation parameters:
The dialogue box of transformation parameters computation is shown in Figure 5 , where input data is rectangular coordinates of the common stations in both systems. These coordinates can be entered manually or imported from MS-Excel and can be reordered within the list. The software uses the least squares adjustment with a maximum number of control points that does not exceed hundred points. The output data are shown in a new window as a report contains the following:
- The transformation of coordinates to another system from concluded parameters can be executed from the window which indicated in Figure 6 , by implementing one of the following.
Inserting the coordinates of the point manually or from MS-Excel and then the coordinates are transformed into a new system. However, the transformed coordinates are displayed in the same list view and can be printed, exported to MS-Excel, or presented in AutoCAD drawing file.
Changing the coordinates of every entity in AutoCAD data by passing the transformation parameters and degree of polynomial to ActiveX control. The conversion between two coordinate systems in AutoCAD, can be done on selected objects, all objects or determined layer in DWG data. Figure 7 shows the hierarchy chart of CTransforma-tion2D and CFinal2Dcoord classes for transformation parameters calculation and conversion to the new system.
3) Solution of direct and inverse problems for projections Figure 8 indicates a dialog box for calculating map projections, namely Lambert conformal, Transverse Mercator and stereographic mappings.
Applied study and result
To verify the proposed approach and its accuracy, in addition to test the developed software the following applied study has been performed to transform from Lambert to stereographic coordinates. The available data for this application is the coordinates of eleven first-order Syrian points indicated in Figure 9 , where Syrian map is produced by using ArcGIS software. The rectangular coordinates in stereographic and Lambert projections are shown in Table 1 .
The transformation parameters from Lambert to stereographic coordinates with their accuracies are calculated using developed software and listed in Table 2 . The residuals at common stations are found to be at most subcentimeter. This attests to the high accuracy of the proposed method and control points. Also, computing the coordinate differences at check points between the data and the reproduced from the derived transformation parameters performs another test on the accuracy of this model.
The following data were prepared in Syrian Lambert projection system using total station, the symbols and map composition such as a title, a scale, a legend and so on have been created. However, converting coordinates of unknown points in "TopoGC" can be done for inserted ones manually or imported from MS-Excel, Figure 7 , or directly on AutoCAD drawings saved in DWG format, Figure 10 . 
Conclusions
The integration of spatial data between CAD system such as AutoCAD and GIS increases operational efficiency and enhances CAD mapping. The automation of AutoCAD is significant for map to map transformation to fulfil demands of AutoCAD users. Conformal conversion of rectangular coordinates using polynomial functions gives sufficiently accurate results for most purposes. The developed software relies on the least squares adjustment approach Figure 10 . Transformation of Lambert coordinates to Stereographic ones of AutoCAD to perform corrected values of conversion parameters. The system architecture is split into two parts, the first one was written in Visual C++ to compute conformal mappings and determine the polynomial coefficients, but the second one was built in Visual Basic to automate Auto-CAD by creating ActiveX control. This study ensures that ActiveX control approach is reliable, accurate and efficient for automation of AutoCAD to change the coordinates of entities in DWG file.
